Equilibrium between Strontium Bromide and Bromine in Aqueous Solutions of Strontium Bromide by Pearce, J. N. & O\u27Leary, J. V.
Proceedings of the Iowa Academy of Science 
Volume 30 Annual Issue Article 63 
1923 
Equilibrium between Strontium Bromide and Bromine in Aqueous 
Solutions of Strontium Bromide 
J. N. Pearce 
State University of Iowa 
J. V. O'Leary 
State University of Iowa 
Let us know how access to this document benefits you 
Copyright ©1923 Iowa Academy of Science, Inc. 
Follow this and additional works at: https://scholarworks.uni.edu/pias 
Recommended Citation 
Pearce, J. N. and O'Leary, J. V. (1923) "Equilibrium between Strontium Bromide and Bromine in Aqueous 
Solutions of Strontium Bromide," Proceedings of the Iowa Academy of Science, 30(1), 379-385. 
Available at: https://scholarworks.uni.edu/pias/vol30/iss1/63 
This Research is brought to you for free and open access by the Iowa Academy of Science at UNI ScholarWorks. It 
has been accepted for inclusion in Proceedings of the Iowa Academy of Science by an authorized editor of UNI 
ScholarWorks. For more information, please contact scholarworks@uni.edu. 
EQUILIBRIUM BETWEEN STRONTIUl\I BROMIDE AND 
BROMINE IN AQUEOUS SOLUTIONS OF STRON-
TIUM BROMIDE 
]. N. PEARCE AND J. V. O'LEARY 
The study of the equilibrium between bromine and the uni-uni-
valent bromides, more especially potassium bromide, in aqueous 
solution has been the subject of numerous investigations. 1 . It 
has become a generally accepted idea that an ionizable compound 
is formed of the type, 
KBr + Br, = KBr"Br,. 
In case the bromine is present in large excess there is also evidence 
of the presence of a pentabromicle, formed according to the re-
action equation 
KBr + 2Br, = KBr·nr,. 
The respective constants representing these equilibria are given by 
the expressions, 
. _ [KBr] [Br,] I··K _ [KBr] [Br,]' 
K - [KBr"] anc - [KBr,,] 
J akowkin made a systematic study of the equilibria in aqueous 
solutions of iodine and barium iodide. He assumed that both • 
iodide ions of the salt are equally active in combining with iodine 
and each ion combines with one molecule of iodine. On the basis 
of his assumption the equilibrium for solutions of bromine in aque-
ous solutions of strontium bromide may be represented by the 
chemical equation : 
SrBr, + 2Br, = Sr(Br:i)2. 
The equilibrium constant then becomes 
7 [Sr Br,] [Br,]' 
1' = [.~r(B;-~-
Herz and Kurzer 1 have also studied the iodine-barium iodide 
equilibrium. From their limited data they concluded that only 
1 Wi!Jcrmann, Z. physik. Chem .. 11, 407 (1893); Roloff, Ibid., 13, 327 (18941; 
\Vorley, J. Chem. Soc., 87, 1107 (1908); Jakowkin, Z. physik. Che1a., '.'O, :9 (1896); 
Bugarsky, Ibirl., 38, 561 (1901); 48, 63 (1904); Herz an:! Knr7.er, Z. Elektrochem .. 
16, 869 (19WJ; J·1sephs and Jivendradasa, J. Chem. Soc., 99, 274 (1911); Jones and 
Hartmann, Trans. Amer. F:lectrochcm. Soc., 30, 295 (1916); Lev./is and Storch, J. 
,\mer. Chem. Soc .. 39. 2550 (1917); Linhart, Ihirl., 4,0, 158 (1918); Van Name and 
Brown, Amer. J. Sci., 105 (1917). 
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one of the iodide ions is capable of comhining with iodine and 
this with one molecule. Accordingly, our equilibrium condition 
would be represented by the reaction equation, SrBr' + Br, 
SrBr•, and the relation for the equilibrium constant becomes 
[SrBr,] [Br,] 
K = [SrBr,] 
Van Name and Brown 1 have made a study of the equilibria in-
volved between iodine and bromine and their respective ternary 
halides. From the results of their work they conclude that in gen-
eral the assumption of J akowkin, rather than that of Herz and 
Kurzer, 1 holds for these equilibria. 
A study of the already extensive literature reveals a consider-
able variation in the equilibrium magnitudes for one and the same 
system. In some cases, for a given range of concentration, we 
note a considerable shifting in the values of K with change in 
concentration, even when determined.by one and the same person. 
In all of the work which has been done hitherto in this field it has 
been customary to express all concentrations in terms of gram-
molecules in some unit weight or volume of the solution. Neither 
convention is satisfactory when we are dealing with concentrated 
solutions. Any attempt to explain variations in the equilibrium 
conditions must take into consideration not only the concentration 
of the solute, but also the amoimt of solvent present. The present 
work was undertaken with the purpose of eliminating the effect 
due to variation in the solvent by expressing all concentrations in 
gram-molecules in 1000 grams of solvent. 
PREPARATION OF MATERIALS AND SOLUTIONS 
Strontium Bromide. - An excellent sample of a well-known "C. 
P." brand \Vas used without further purification. The crystals 
were clear and free from visible foreign material, but to insure 
its purity its strontium and bromine content were accurately 
checked by repeated quantitative analyses. 
Bromine and Iodine. - The bromine was twice distilled from an 
aqueous solution of potassium bromide. The iodine was first sub-
limed from an intimate mixture with pure potassium iodide and 
then resublimed. 
Sodium Tlziosulphate Solutions. - A large volume of approxi-
mately 0.1 N solution was first prepared and then allowed to 
stand until "aged." At frequent intervals this solution was stand-
ardized against a solution of iodine which in turn had been recent-
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ly standardized against a standard solution of sodium arsenite 
made from resublimed arsenic oxide. 
Carbon Tetrachloride. -This solvent was purified by washing 
with a solution of sodium carbonate and then several times with 
distilled water. It was then allowed to stand over anhydrous cal-
cium chloride, and finally fractionally c!istillecl. 
All of the solutions usecl in the solubility and distribution ex-
periments were made from freshly prepared conductivity water. 
EXPERLMENT AL 
The solubility experiments were made at 25°. Glass stoppered 
bottles of Jena glass containing the strontium bromide solutions 
and an excess of the liquid bromine were rotated in a constant 
temperature bath until equilibrium was attained. Separate sam-
ples of the saturated solution \\·ere then transferred by air-pres-
sure to previously tared glass stoppered erlenmeyer flasks con-
taining an excess of a strong solution of potassium iodide; the 
flasks were again weighed and the iodine determined by titration. 
The strontium bromide in these same solutions was determined 
gravimetrically as strontium sulphate; the weight of the water in 
the sample taken was calculated hy difference. From the data ob-
tained we calculated the concentration of the strontium bromide 
and bromine each in 1000 grams of water. A similar procedure 
was used in the distribution experiments. 
SOLUBILITY OF BROMIXE IN WATER 
It was necessary first of all to determine the solubility of bro-
mine in pure water at 25 °. The experimental data are given in 
Table I. The first column represents the grams of solution taken 
for analysis. the second column gives the number of grams of bro-
mine in the sample. while the last column represents the number 
of mols of bromine in 1000 grams of water. 
TAJ\LE l 












7.7426 0.26291 35.16 
:-Iean 35.J 1 
The mean value ( 35.11) corresponds to a molal concentration of 
0.21966 mols in 1000 grams of water. This value approximates 
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the value found by Bray; 2 viz., 0.21 mols in 1000 c. c. of a satur-
ated solution at 25 °. 
The solubility of bromine in aqueous solutions of strontium 
bromide is given in Table II. In each case the molal solubility of 
bromine in pure water has been subtracted from the total con-
centration of the titrable dissolved bromine. 
TABLE II 
THE SOLUBILITY OF BRO:VfINE IN AQUEO"CS SOL"CTTONS OF 
STRONTIUM BROMIDE 
Mols SrBr, Mols Br, I 1\1 ols Br, !\Iols Br, 
1000 g. H,O 1000 g. H,O 1000 g. (Comb.) Mols SrBr, 
0.01229 0.23862 0.01896 1.54 
0.02455 0.26533 I 0.04567 1.86 
0.05683 . 0.31524 I 0.09558 1.68 0.06183 0.34871 0.12905 2.08 








0.30555 1.09510 0.87544 2.86 
0.39113 1.25960 1.03994 2.65 
The difficulties in handling solutions of free bromine quanti-
tatively are best known to those who have worked with the ele-
ment. They were the source of considerable annoyance in this 
work. It should be mentioned that in converting concentrations to 
the molal basis any slight errors are considerably magnified. The 
data of Table II show that the amount of combined bromine in-
creases rapidly with increase in concentration of the strontium 
bromide. The best curve obtained by plotting the mo ls of strontium 
bromide as ordinates against the mols of combined bromine as 
abscissae was found to be practically a straight line. 
The distribution ratios for bromine between water and carbon-
tetrachloride at 25° are collected in Table III. Here 'vV and C 
represent the number of mols of bromine in 1000 grams of water 
and in 1000 grams of carbontetrachloride, respectively; and C/W 
is the distribution ratio. 
It is apparent from the data that the distribution of the bromine 
between these two solvents does not give a constant ratio in accord 
with the general distribution law. The ratio increases rapidly with 
increase in the concentration of the bromine in the carbontetra-
chloride layer. Since the value of this ratio is necessary for calcu-
lating the concentration of the free bromine in the aqueous solu-
tions of strontium bromide we have taken the experimentally 
2 Bray, J. Amer. Chem. Soc., 32, 932 (1910). 
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T.\BLE TII 
THE DISTRIBUTION RATIO OF BRO:\IINE BETWEEK CARBON 
TETRACHLORIDE .\ND WATER 
w c C!W R 
1000 g. 1000 g. obs. calc. 
0.01529 0.28224 18.46 18.92 
0.02984 0.58550 19.62 20.26 
0.03561 0.76320 21.43 21.63 
0.04163 0.89829 21.58 21.64 
0.04613 1.0152 22.01 22.16 
0.04889 1.0686 22.88 22.39 
0.06600 1.6553 25.08 24.99 
0.06805 1.7714 26.03 25.50 
0.08648 2.3842 27.57 28.21 
0.08475 2.4207 28.56 28.37 
0.08779 2.5854 29.45 29.10 
0.09249 2.7498 29.73 29.82 
determined values of C and C/\V and by the method of least 
squares have deduced the relation, 
R = 17.677 + 4.4168C. 
By means of this expression it is possible to calculate the value of 
the ratio, and from it the concentration of the free bromine in an 
aqueous solution in contact with a layer of carbontetrachloride 
having a bromine concentration C. The dis.tribution ratio for 
each concentration has been calculated by means of this equation 
and the values are tabulated under R. 
Jones and Hartman 1 have deduced a similar relation in which 
the concentrations are expressed in mols of bromine in 1000 c. c 
of solvent. Their equation is, 





CHLORID  AXD AQUEOl!S SOLUTIONS OF 
STROl\TIU:-1 BROl\IIDE 
--- - ----- ---- ---------- - - - --
;3r Br, Total Br, 
I 
Free Br, K, K, 
a b c 
---0:05~ 0.05401 0.02262 0.0162 0.0550 
0.15161 0.16689 0.03886 0.0071 0.0531 
0.15615 0.11407 0.02328 0.0167 0.0568 
0.29435 0.21511 0.02451 0.0133 0.0511 
0.29851 0.29596 0.03828 0.0060 0.0504 
0.34560 0.29380 0.03268 0.0123 0.0572 
0.36740 0.23785 0.02447 0.0176 0.05<)7 
0.39582 0.18796 0.01528 0.0193 0.0548 
0.43315 0.32753 0.02689 0.0118 0.0506 
0.59546 0.56390 0.04287 0.0061 0.0551 
0.72234 0.46989 0.02629 0.0165 0.0593 
l\Iean 0.0548 
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The values for the distribution ratio of bromine between car-
bontetrachloride and the aqueous solutions of strontium bromide, 
and the equilibrium constants are given in Table IV. Here (a) 
represents the molal concentration of the strontium bromide, (b) 
the total molal concentration of the bromine, and ( c) the free bro-
mine calculated from the expression for R, each in the same 1000 
grams of water. It is obvious then that (b-c) represents the molal 
concentration of the bromine combined as the polybromidc, and 
[a-(b-c)] is the concentration of the strontium bromide uncom-
bined with bromine. 
According to Herz and Kurzer 1, only one of the bromine atoms 
(or ions) of strontium bromide is capable of combining with one 
molecule of bromine. The chemical equation representing this 
equilibrium is SrBr"+Br2=SrBr,, and the expression for the 
equilibrium constant becomes, 
[a- (b-c)] [c] 
K, = [b - c] 
J akowkin 1 assumes that both bromine atoms of strontium bro-
mide are equally active in combining with bromine, and each atom 
combines with one molecule of bromine. He based his calculation 
on a reaction schc1natically represented thus, 0SrBr2+Br~=0 
SrBr•. According to his view point 
[2a-(b-c)] [c] 
K, = [b - c] . 
Using the values of (a), (b) and (c) we have calculated the 
values for these constants and they are incorporated in Table IV. 
Although the values of K, do vary somewhat from the mean value 
( 0.0548). as we might expect, they are sufficiently constant to 
support the view of J akowkin, viz., that, for the concentration 
range studied, each halide atom (or ion) of a ternary halide is 
capable of combining with one molecule of the halogen involved. 
Our \vork confirms also the work of Van Name and Brown. 
SUMMARY 
1. The solubility of bromine in water and in aqueous solutions 
of :-;trontium bromide at 25 ° has been cleterminecl. The solubility 
of bromine is 0.2196 mols in 1000 grams of water. 
2. The distribution ratios of bromine between water and carbon-
tctrachloricle, and between carbontetrachloricle and aqueous solu-
tions of strontium bromide have also been determined on the basis 
of mols in 1000 grams of solvent. 
3. The value for the distribution ratio of bromine between car-
6
Proceedings of the Iowa Academy of Science, Vol. 30 [1923], No. 1, Art. 63
https://scholarworks.uni.edu/pias/vol30/iss1/63
EQUILIBRIUM IN BROMIDE SOLUTIONS 385 
bontetrachloride and water increases with the increase in the con-
centration of the bromine in the carbontetrachloride. Its numeri-
cal value may be calculated by means of the relation, 
R = 17.677 + 4.4168 C. 
4. In the system strontium bromide-bromine the equilibrium has 
been found to be most accurately represented by the equilibrium, 
!SrBr, + Br, = !SrBro. 
PHYSICAL C1n<;MJSTRY LABORATORY, 
Tm<: STATE UmvERSITY oF IowA. 
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